n association between chlamydia pneumoniae and atherosclerosis, originally suggested by seroepidemiologic studies, 1,2 was confirmed by a series of investigations demonstrating the presence of the organism in atherosclerotic lesions by four different methods. [3] [4] [5] [6] The etiologic or pathogenic significance of this association needs to be determined. Through basicscience studies of possible mechanisms and animal-model studies of atherosclerosis, data on the role of C. pneumoniae in atherosclerosis have accumulated. 7, 8 The presence of C. pneumoniae in atherosclerotic lesions raises the possibility that antibiotic treatment might have a favorable effect on the course of coronary heart disease. A trial of antibiotic treatment in humans would be justified because of the public health importance of coronary heart disease. Moreover, it should be safe for the participants. Prior studies of both short-and long-term administration of macrolide antibiotics, including azalides, have shown few adverse reactions. 9, 10 Chlamydiae have not developed resistance against macrolide antibiotics, but long-term antibiotic therapy could contribute to resistance in other organisms. However, the risk that resistant bacteria might emerge during the trial was offset by the current practice among some physicians of providing antibiotic treatment for coronary heart disease in the absence of any established benefit. 11
study population
We conducted a randomized, double-blind, placebo-controlled trial at 28 centers in the United States. Men and women 18 years of age or older who had documented, stable coronary heart disease (defined as a previous myocardial infarction documented on the basis of enzyme-related criteria, angiographic evidence of at least 50 percent stenosis of a coronary artery, or previous coronary revascularization) were eligible. Patients were excluded if during the preceding three months they had had a myocardial infarction, undergone coronary revascularization, or been hospitalized for unstable angina. Additional reasons for exclusion were severe cardiac disease (New York Heart Association class III or IV congestive heart failure or stage III or IV angina), allergy to macrolide antibiotics, clinically significant renal or hepatic dysfunction, cancer, ongoing antibiotic therapy, or immunosuppression.
Written informed consent was obtained from all the participants.
treatment and follow-up
Patients were enrolled in the Azithromycin and Coronary Events Study (ACES) between April 1999 and May 2000, and follow-up concluded on December 31, 2003. Participants were randomly assigned to receive either a 600-mg azithromycin tablet or a matching placebo tablet once weekly for one year. Azithromycin was chosen for treatment because of its proven efficacy against chlamydial infection and its long intracellular half-life, which allowed onceweekly dosing. Participants and all site investigators remained blinded to the treatment assignment through the end of follow-up and data collection.
Participants were interviewed in person or by telephone 3 weeks, 6 weeks, and 3, 6, 9, and 12 months after enrollment to identify adverse events and study outcomes and to ascertain their compliance with the study medication. After the first year, participants were interviewed approximately every six months until the end of follow-up to identify outcomes.
end points
The primary end point was a composite of the first occurrence of any of the following: death due to coronary heart disease, nonfatal myocardial infarction, a percutaneous or surgical coronary revascularization procedure, or hospitalization for unstable angina. The members of a clinical endpoint committee, who were blinded to the treatment-group assignment, adjudicated the end points. Two committee members adjudicated each end point separately, and if there was disagreement, a third member resolved the difference.
Myocardial infarction was defined by hospitalization with a clinical syndrome compatible with infarction and either the development of a new pathologic Q wave or diagnostic elevations in the creatine kinase MB level (or troponin level if creatine kinase MB results were not available) above the upper limit of normal for the treating institution. It was also diagnosed in patients resuscitated after cardiac collapse with creatine kinase MB or troponin levels greater than the upper limit of the normal range. Myocardial infarction was also diagnosed according to the following criteria in patients who had undergone revascularization: within the first 48 hours after coronary bypass surgery in patients with creatine kinase MB levels greater a methods than five times the upper limit of the normal range; within the first 48 hours after percutaneous revascularization in those with creatine kinase MB levels greater than three times the upper limit of the normal range; and after 48 hours in those who had undergone either procedure and had creatine kinase MB or troponin levels above the upper limit of the normal range.
Unstable angina was defined by hospitalization for new chest pain or changes in the patient's usual chest pain in combination with electrocardiographic ST-T wave changes indicative of ischemia or accompanied by elevations in enzyme markers not diagnostic of myocardial infarction.
Death due to coronary heart disease was defined as death believed to be the consequence of coronary atherosclerotic disease or death not definitively known to be due to a noncoronary cause. Death from cardiac causes included death due to arrhythmias, severe congestive heart failure, cardiogenic shock, or myocardial infarction. Unwitnessed sudden death in the absence of a noncoronary cause was assumed to be death from coronary heart disease. Death within 30 days after coronary revascularization was considered to be due to coronary heart disease, unless another cause unrelated to the procedure or to coronary disease was clearly identified.
Components of the primary end point were analyzed separately. Predefined secondary end points included stroke, cardiac collapse followed by resuscitation, carotid endarterectomy, peripheral revascularization, and death from any cause. Participants who had a nonfatal event were followed to the end of the trial so that the total rate of the individual events constituting the primary end point could be compared between the treatment groups.
laboratory tests
Blood specimens were obtained from all participants at enrollment. They were tested for the presence of C. pneumoniae antibody in the IgG and IgA serum fractions by the microimmunofluorescence test 12 and for total cholesterol, high-density lipoprotein cholesterol, and low-density lipoprotein cholesterol.
statistical analysis

Calculations
In the calculation of the sample size, it was assumed that the rate of the primary end point would be 6.5 percent per year in the placebo group, on the basis of previous trials. With the use of this estimate, the planned sample size of 4000, with an average follow-up of 4.0 years, allowed 98 percent power to detect a 25 percent reduction and 85 percent power to detect a 20 percent reduction in the rate of the primary end point at a two-sided significance level of 0.05.
Data analyses were based on an intentionto-treat approach. In the primary analysis, the time to the primary end point in the azithromycin group was compared with that in the placebo group with use of the log-rank test. Components of the primary end point and secondary end points were similarly analyzed. Participants' data were censored on the date of the last contact or the date of death. Final visits occurred within a three-month period from October 1 through December 31, 2003. The Cox proportional-hazards model was used to compute hazard ratios and the percent risk reduction [100¬(1¡the hazard ratio)]. The curve representing the cumulative rate of the primary end point was estimated by the product-limit (Kaplan-Meier) method.
Safety Monitoring and Stopping Guidelines
The National Heart, Lung, and Blood Institute appointed an independent data and safety monitoring board. The study was conducted under an investigational-new-drug application with the Food and Drug Administration (FDA). The institutional review board at each site approved the protocol.
The data and safety monitoring board monitored the study for safety and efficacy. To preserve the overall type I error, a group sequential approach was used to determine interim monitoring boundaries for stopping the trial owing to a demonstration of the superiority of azithromycin over placebo with use of the log-rank test. Planned interim analyses were performed when approximately one quarter, one half, and three quarters of the expected number of events had occurred, at significance levels of 0.0017, 0.0020, and 0.0023. At each interim analysis, the data and safety monitoring board voted unanimously to continue the study.
Dr. Grayston designed the study with the assistance of Drs. Kronmal and Jackson. The data gathered at the 28 sites (listed in the Appendix) were collected and evaluated at Axio Research, under the direction of Ms. Borrowdale. Dr. Kronmal analyzed the data with assistance from Drs. Grayston and Jackson. Dr. Grayston and all the authors vouch for the data and the analysis. All the authors contributed to the writing of the manuscript, under the direction of Dr. Grayston. ACES enrolled 4012 patients; 2004 were randomly assigned to the azithromycin group and 2008 to the placebo group. Of those enrolled, one in the azithromycin group and two in the placebo group did not receive any study drug. Table 1 shows the characteristics of the participants at enrollment. Fiftysix percent of the participants had had a myocardial infarction, and 89 percent had undergone a coronary revascularization procedure. Twenty-nine percent reported angina at rest, 28 percent had angina only on exertion, and 12 percent had congestive heart failure.
Only 86 of the participants (2 percent) withdrew consent or were lost to follow-up. They were divided approximately equally between the azithromycin group (44 participants) and the placebo group (42 participants). Ninety-seven percent of 45,363 scheduled follow-up visits were successfully completed. The median length of observation was 3.91 years in the azithromycin group and 3.92 years in the placebo group. Eighty-eight percent of the participants in the azithromycin group and 93 percent of those in the placebo group completed the oneyear period of weekly treatment.
The frequency of the primary end point was 22.3 percent in the azithromycin group and 22.4 percent in the placebo group. There was a reduction of 1 percent in the risk of the primary end point in the azithromycin group (95 percent confidence interval, ¡13 to 13 percent). The curve representing the cumulative rate of the primary end point in each of the two groups over time is presented in Figure 1 .
The proportion of participants with each of the individual events contributing to the primary end point is shown in Table 2 . There was no significant difference between the azithromycin group and the placebo group in the frequency of any individual event. Table 3 shows the frequency of all of the primary and secondary outcome events throughout the study, regardless of whether they occurred after the participant had a prior event. Again, there was no difference between the groups with respect to the frequency of primary or secondary end-point events.
Subgroup analyses of the primary end point according to individual baseline characteristics considered to be coronary risk factors are shown in Figure 2 . In these analyses, there were no significant differences between the azithromycin group and the placebo group in the risk of the primary end point. There was also no difference between the groups when other baseline characteristics, including angina at rest, angina on exertion, prior revascularization, and prior myocardial infarction were analyzed.
C. pneumoniae antibody status was determined Symptoms reported by participants during interviews at intervals during the year of treatment and the number of participants who reported seeking medical care for these symptoms are shown in Table 4 . Clinical or laboratory follow-up data on the reported symptoms were not obtained. Although participants assigned to receive placebo reported gastrointestinal symptoms with some frequency, these symptoms were more common among those assigned to receive azithromycin. However, participants who received placebo sought medical care for gastrointestinal symptoms as frequently as did those receiving azithromycin.
Hearing loss was reported more frequently in the azithromycin group. Hearing loss was included among the symptoms discussed during the interviews because of case reports of reversible hearing loss in patients treated with high doses of azithromycin for Mycobacterium avium complex infection. 13, 14 Only 12 of the participants reporting hearing loss sought medical care. Two of these participants, both in the placebo group, discontinued the weekly medication (one permanently and one temporarily). Of all the participants reporting hearing loss who either permanently or temporarily stopped taking their assigned medication, six were from the azithromycin group and six were from the placebo group.
Vaginal candidiasis was included among the symptoms discussed during the interviews, because it may be a side effect of long-term antibiotic treatment. Surprisingly, the symptom was more common in the placebo group, and all 12 of the women who reported receiving more than one course of treatment were from the placebo group. Thirty-four serious adverse events (12 in the azithromycin group and 22 in the placebo group) not included in The size of the rectangles is proportional to the reciprocal of the variance of the hazard ratio. Table 4 were reported to the FDA because a relation to the treatment could not be ruled out.
This trial found that one year of weekly azithromycin therapy was not associated with any clinically significant benefit in the secondary prevention of coronary events. Azithromycin was associated with mild gastrointestinal symptoms. There was a greater number of reports of hearing loss in the azithromycin group, but the available data did not allow clarification of the clinical significance of these reports. More frequent vaginitis was reported in the placebo group, which is the opposite of the expected effect of long-term antibiotic treatment. It is possible that azithromycin provided therapy against bacterial vaginosis, but clinical or laboratory diagnostic data were not available. Nine other clinical trials testing antibiotics for the secondary prevention of coronary heart disease have been published. 15 Of these, only the WIZARD (Weekly Intervention with Zithromax for Atherosclerosis and Its Related Disorders) trial 16 was adequately powered to give a definite result. The others may be considered pilot trials because of their small sizes and short observation periods. Another deficit of most of the trials was their short treatment periods. Approximately equal numbers of the trials were reported to be positive and reported to be negative. In the WIZARD trial, azithromycin treatment was given once weekly for three months. Its results were similar to the findings of ACES, in that they also failed to support the use of antibiotic therapy for coronary heart disease. The WIZARD trial did report some antibiotic protection from events during the first six months of the trial -a result not seen in ACES.
The ACES protocol required participants to have established coronary heart disease that had been stable for at least three months. Review of the study population revealed that 89 percent of patients had undergone at least one coronary revascularization procedure before the study and that more than half had angina. Most of the participants were receiving vigorous standard treatment for coronary heart disease. Events occurring during the trial might reasonably be attributed to destabilization and rupture of plaques, rather than extension of the atherosclerotic process with vessel narrowing.
What do the findings of the trial tell us about the association between C. pneumoniae and atherosclerosis? Assuming that treatment was adequate, they suggest that neither C. pneumoniae nor another organism susceptible to azithromycin plays an important role in events associated with late-stage coronary heart disease. However, since ACES was not designed to study the role of C. pneumoniae in the pathogenesis of atherosclerosis, the results of the trial do not tell us anything about a possible pathogenic role of C. pneumoniae in the early development or acceleration of atherosclerosis.
There have been clinical trials of antibiotic therapy directed at atherosclerotic changes in the carotid artery, peripheral arteries, and the aorta. [17] [18] [19] [20] These trials were based on noninvasive measurements of changes in the arterial wall. They did not rely on analyses of events, but measurements in the arterial wall in each subject were included in the analysis. Each trial reported that antibiotic therapy discussion * NS denotes not significant. The new england journal of medicine had a significantly favorable effect on the progression of disease. These positive results must be considered preliminary. However, if they can be repeated in studies with larger numbers of subjects, they will offer evidence suggesting that C. pneumoniae is involved in the pathogenesis of atherosclerotic occlusive disease. The limited data available from antibiotic treatment of atherosclerosis in animal models have shown that if the antibiotic is given shortly after the C. pneumoniae is inoculated into the lung of the animal, the effect of C. pneumoniae on the acceleration of atherosclerosis is greatly reduced or eliminated. If the antibiotic is given later, there is much less or no reduction in the acceleration of atherosclerosis caused by C. pneumoniae . [21] [22] [23] Our study has several limitations, including the advanced stage of disease (described above), the possibility that the antibiotic does not reach the microorganism in the chronic lesions of atherosclerosis, the possibility that the treatment was not continued long enough or that the dose of antibiotic given was too small, and the possibility that the antibiotic was not sufficiently effective against C. pneumoniae. These limitations do not, for practical purposes, weaken the basic conclusion of this study that antibiotic treatment cannot be recommended for the treatment of chronic coronary heart disease.
This recommendation is confirmed by the results of the PROVE IT (the Pravastatin or Atorvastatin Evaluation and Infection Therapy) trial, reported elsewhere in this issue of the Journal . 24 PROVE IT did not find any significant protection from coronary events with antibiotic treatment. There were important differences between the PROVE IT trial and ACES. A different class of antibiotic, a new fluoroquinolone (gatifloxacin), was used in PROVE IT. The treatment schedule, though also prolonged, was intermittent, consisting of a 10-day course of therapy each month for a mean of 2 years. Moreover, the participants were recruited at the time of an acute coronary syndrome, and they were younger and had had less previous treatment for coronary heart disease than those in ACES. These differences broaden and strengthen the recommendation against antibiotic treatment for coronary heart disease that can be made on the basis of the ACES trial.
